Objectives: To assess the nutritional quality of food aid delivered by food banks in France and to identify practical modifications to improve it. Design: National-level data were collected for all food aid distributed by French food banks in 2004, and its nutrient content per 2000 kcal was estimated and compared with French recommendations for adults. Starting with the actual donation and allowing new foods into the food aid donation, linear programming was used to identify the minimum changes required in the actual donation to achieve the French recommendations. Results: French food-bank-delivered food aid does not achieve the French recommendations for dietary fibre, ascorbic acid, vitamin D, folate, magnesium, docosahexaenoic acid, a-linolenic acid and the percentage of energy from saturated fatty acids. Linear programming analysis showed that these recommendations are achievable if more fruits, vegetables, legumes and fish were collected and less cheese, refined cereals and foods rich in fat, sugar and/or salt. In addition, new foods not previously collected are needed, particularly nuts, wholemeal bread and rapeseed oil. These changes increased the total edible weight (42%) and economic value (55%) of the food aid donation, with one-third of its edible weight coming from fruits and vegetables, one-third from staples, one-quarter from dairy products and approximately a tenth from meat/fish/eggs. Conclusions: Important changes in the types and amounts of food collected will improve the nutritional quality of food-bank-delivered food aid in France. Such changes are recommended to improve the diets of deprived French populations.
In France, 12% of households live under the income poverty level 1 ; and an estimated 2.6 million individuals annually seek food aid. These statistics suggest an important level of food insecurity, which is of concern because poverty 2 and food insecurity 3, 4 are associated with increased risks of nutritional deficiencies and poor health. As a result, the French Nutrition and Health National Programme 5 specifically aims 'to decrease vitamin and mineral deficiencies and malnutrition in deprived populations, in particular by sustaining food aid programs adapted to their needs'.
The complex French food aid system is delivered via poorly connected private organisations. Notwithstanding, the French food bank (FB) network, which is composed of 79 FBs scattered throughout the country, is by far the largest organisation, providing approximately half of the total quantity of food aid delivered in France 6 . Unlike other food aid organisations, the French FB network does not deliver foodstuffs directly to food recipients, but instead supplies it to one out every two local food aid organisations 7 . It obtains its foodstuffs from the European Union (EU) programme of aid to the deprived person and from local French networks, including private individuals, farmers, food manufacturers and supermarkets 8 . The food aid from the EU, which makes up an important proportion of the FB foodstuffs, is from an overproduction of European agricultural products, and includes only negligible amounts of fruits, vegetables and fish. To ensure the nutritional quality of the French FB food aid donations, therefore, requires purposeful foodstuffs selection from the local networks in France.
A powerful analytical approach, which can be used to identify foodstuffs required to ameliorate nutritional imbalances in the French FB food aid donations, is linear programming analysis (LP). Starting from a list of foods of known nutritional composition, a nutritionally optimal combination of foods is mathematically selected via a linear optimisation function, subject to linear constraints.
In earlier studies, LP was used to design nutritious lowcost diets 9, 10 and identify the 'best' dietary changes for achieving nutrient recommendations, while deviating the least from individual 11, 12 or population 13, 14 dietary habits. More recently, it was used to identify the limiting foods and limiting nutrients in a population's diet 15, 16 , to analyse the impact of economic constraints on food choices 17, 18 and to rigorously develop food-based dietary guidelines 19 . In the current study, both the cost and the nutrient content of a French FB food aid donation are linearly related to the weights of food collected (edible weight). Thus, LP can be used to rapidly explore the cost or nutritional implications of alternative optimised food aid combinations. In other words, it can be used to rapidly identify specific food collection strategies that will ensure the French FB food aid donations are nutritionally adequate and that the French Nutrition and Health National Programme goals are realised. The advantage of using LP for this purpose is that the minimum changes required to improve the nutritional balance of FB-delivered food aid in France can be identified, which will help facilitate implementation.
Thus, the objectives of the current study were first to analyse the nutritional quality of FB-delivered food aid in France, and then to identify practical modifications, using LP, that would improve it.
Methods
The data Data on the types and quantities (in tonnes) of foodstuffs distributed by the French FB network in 2004 were collected from the following sources: for the EU donation, from the EU annual activity report available at the European information centre 'la Source de l'Europe' (La Défense, France); and for the French supply-channel donations, from the archives of the French Federation of Food Banks (Gentilly, France). In addition, in 2004, five key informants, who were working at FBs in the cities of Montpellier, Nantes, Strasbourg and Paris, were asked to identify acceptable foodstuffs that were not currently collected, but which could be collected via the French FB network. Specifically, key informants were asked to select new foods from the SUVIMAX food composition table 20 that FB recipients (i.e. local food aid organisations) would accept. These new foods were then allowed into the final LP model (i.e. complete model; see below) to identify foodstuffs that, if added to the FB donations, would help ensure a nutritionally adequate French FB food aid donation.
In all analyses, food weights were expressed per edible fraction; their contents of energy and nutrients were obtained from the SUVIMAX food composition table 20 ; and their mean retail prices were estimated using mean national retail prices from the French Institute of Statistics (INSEE), marketing research (SECODIP) or supermarket websites. These data were used to estimate the nutrient content, energy density and economic value per edible fraction of the actual and modelled French FB food aid donations. Energy density (kcal/100 g) was calculated by dividing the energy content of the total edible food donation by its estimated edible weight.
Evaluation of the nutrient content and economic value of FB food aid donation Nutrient contents were calculated for the EU donation, and for all food aid delivered by FBs in France (i.e. the EU donation plus the FB collection). The specific macronutrients examined were proteins, lipids, saturated fatty acids (SFA) and carbohydrates; and the micronutrients examined were vitamins A, D, E, C, B 1 , B 2 , B 6 , B 12 , folate, magnesium, calcium and iron. Dietary fibre, 18:2n-6 (linoleic acid), 18:3n-3 (a-linolenic acid) and 22:6n-3 (docosahexaenoic acid; DHA) were also examined. To evaluate the nutritional adequacy of the food aid donation, its nutrient content per 2000 kcal was estimated and compared with the French recommended dietary allowances, the ANC (Apports Nutritionnels Conseillés), averaged for 20-65-year-old men and women 21 . The relative edible weight contributions from six food groups (meat/ fish/eggs, fruit and vegetables, dairy products, staples, sugar/salt, added fats) and five subgroups (fish, nuts/ dried fruits, cheese, unrefined staples, vegetable fats) were evaluated and expressed as percentages of the total edible weight. These food groups were selected because their nutrient content and energy density were relatively homogeneous. Statistical analyses were not conducted because the total food donation delivered in 2004 instead of a sample of it was examined.
Optimising the nutritional quality of food aid LP techniques similar to those described in more detail elsewhere 16, 22 were used to select, via diet optimisation, nutritionally adequate FB food aid donations for adults. In these LP models, nutritional adequacy for FB food aid donations expressed per 2000 kcal of energy was ensured, in all feasible model solutions, via nutritional constraints defined as the averaged ANC recommendations for all nutrients (see Table 1 ). For vitamin A, an upper limit corresponding to the upper tolerable level recommended in France 21 was imposed to avoid the high levels of vitamin A that are often selected in modelled LP diets.
Overall, three different sets of LP models were run, which were defined by their eligible food lists. In the first model (i.e. EU model), only foods provided in the EU donation were eligible. In the second model (i.e. EUFB model), all foods distributed by the FBs (i.e. EU donation and FB collections) were eligible. In the third model (i.e. complete model), all foods distributed by the FBs (i.e. EU donation and FB collections) and new foods selected by the key informants were eligible. The decision variables in all models were the edible grams of foods selected. Compared with the actual donation, the optimised donation's food weight will probably increase, because healthy diets are less energy-dense than diets of poor dietary quality 23, 24 . Most food aid organisations have limited capacities for transporting and stocking foodstuffs, especially perishable or frozen foods. Thus, for long-term acceptability and depending on the model, the objective functions minimised either the total food donation weight or the edible food weight difference for each food (in tonnes) between the optimised donation and the actual donation of 2004. The three different model types are described in detail below. > The EU model was designed to test whether it was possible, via an increase in the EU-donated food weights (in tonnes), to achieve a nutritionally adequate EU donation. The decision variables were all foodstuffs received from the EU, i.e. the EU food donation. Constraints ensured that each eligible EU food was selected at a weight that was greater than its actual weight in the 2004 EU donation. Upper constraints on food weights were not applied. Thus, to achieve a nutritionally adequate donation (expressed per 2000 kcal), EU foods could be freely added to the actual EU donation. The objective function minimised the total weight of the optimised donation. > The EUFB model was designed to test whether it was possible to achieve a nutritionally adequate donation when only weights (in tonnes) of the locally collected foodstuffs (i.e. FB collections) were allowed to increase. In this model, the EU food donation weights were entered as constants, i.e. not allowed to change, because the EU donation is more difficult to change than the food donations collected in France. The decision variables were all FB foods collected via the French supply channels, i.e. foods from the FB collection. To avoid unrealistic changes, constraints limited the weight range for each FB food from greater than its actual weight in the 2004 FB collection to less than 20 times this weight. Similar to the EU model, the objective function of the EUFB model minimised the total weight of the optimised donation. > The complete model was designed to obtain a nutritionally adequate optimised donation that differed as little as possible from the actual EUFB donation. In this model, unlike the previous models, both increases and decreases in the FB collection food weights were allowed and the selected new foods (from key informants) could enter the optimised donation. Similar to the EUFB model, the EU donation food weights were entered as constants, because of the presumed difficulties in changing their donated amounts. The decision variables, in this model, were both the FB collection foods and the list of new foods selected by the key informants. The objective function selected a nutritionally adequate optimised donation that resembled the actual donation as closely as possible. Specifically, it minimised the sum of absolute values for the differences between optimised and actual modifiable food weights (i.e. FB collection foods and new foods). This function was transformed into a linear function as previously described in detail elsewhere 17 . Here the actual food weights, i.e. before optimisation, for the new foods were set at zero, and for the FB collection foods were set at their donated weights. The optimised food donation, i.e. the solution, indicated the smallest weight changes required from the original EUFB donation to achieve nutrient adequacy, including increases and decreases in the quantities of foodstuffs currently collected, and new foods that should be collected in the donation. In this model, to ensure a realistic donation, maximum level constraints on food weights were applied. For FB collection foods, the maximum allowable weights were 200% of each food's donated weight in 2004, and for each new food, its maximum allowable weight was 500 tonnes, except for bread (maximum 4000 tonnes) and dried fruits and condiments (maximum 100 tonnes). These limits for new foods were close to quantities of similar products already distributed by FBs. In addition, a lower-level constraint on energy was introduced to ensure the energy content of the optimised donation was greater than or equal to that of the actual donation.
All LP models were run using the Simplex procedure of the Premium Solver 3.5 for Excel (Frontline Systems).
Results

Nutritional quality of the actual donations
In 2004, the French FB network delivered 59 279 tonnes of EUFB foodstuffs, of which 16 679 tonnes (28%) came from 21 foodstuffs donated by the EU and 42 601 tonnes (72%) came from 66 foodstuffs collected through FB channels in France. Fourteen foods were in both the EU donation and the FB collection, providing a total of 73 different foods. In the EU donation, the percentages of energy provided by macronutrients were 17% from proteins, 41% from lipids, 22% from SFA and 43% from carbohydrates (Table 1) . Moreover, in the EU donation, 12 out of 16 nutrients were below the ANC recommended levels (expressed per 2000 kcal). Notably, the dietary fibre, 18:3n-3, DHA, vitamin D, vitamin E, vitamin C and folate contents were only 36%, 39%, 7%, 19%, 37%, 14% and 35% of their corresponding ANC values, respectively. In the EUFB donation (i.e. EU donation plus FB collections), the percentages of energy provided by macronutrients were 17% from proteins, 39% from lipids, 17% from SFA and 45% from carbohydrates (Table 1) . In this donation, 10 of 16 nutrients were below their ANC recommendations (expressed per 2000 kcal). Notably, the dietary fibre, 18:3n-3, DHA, vitamin D and vitamin C contents were only 60%, 39%, 24%, 28% and 40% of their corresponding ANC values, respectively. In addition, the 18:2n-6/18:3n-3 ratio of 20.32 in the EUFB donation was well above the maximum of 6 recommended for a healthy diet.
Optimisation with the EU model
The LP results showed that an optimised EU model was infeasible, which confirms that a nutritionally adequate EU donation is impossible even when unlimited increases in food quantities are allowed. The nutritional constraints that made the model infeasible were those on dietary fibre, 18:3n-3, DHA, vitamin D, vitamin E and vitamin C, which were 53%, 33%, 13%, 15%, 95% and 44% of their recommended levels, respectively, in the final nonfeasible solution (i.e. the best solution that could be achieved). In addition, its 18:2n-6/C18:3n-3 ratio of 22.9 and the SFA content of 13.7% of total energy did not achieve recommendations.
Optimisation with the EUFB model
The LP results showed that an optimised EUFB model was also infeasible. The nutritional constraints that made this model infeasible were those defining the minimum contents of 18:3n-3, DHA and vitamin D, which were 93%, 20% and 24% of their recommended levels in the final non-feasible solution, respectively; as well as the maximum constraints on the SFA content and 18:2n-6/ C18:3n-3 ratio (i.e. 8.6 vs. 6). Among the 66 eligible FB foods variables, the weights of only seven were increased. These foods were: fortified cereals rich in dietary fibre, vegetable soup (UHT bottle), tomato paste, mustard, tomatoes, bananas and cauliflowers. All, except bananas, were selected at their maximum allowed weights (i.e. 20 times their actual weights).
Optimisation with the complete model The key informants selected 127 new foods that FB recipients would accept, which could be collected via the FB network. Allowing these new foods into the model, as well as increases and decreases in FB collections, resulted in a feasible complete model solution. Thus, a nutritionally adequate FB food donation is achievable. Compared with the actual donation, the total weight and economic value of the optimised donation increased by 42% and 55%, respectively; this decreased its energy density and increased its dietary energy cost compared with the EU and EUFB donations ( Table 1 ). The limiting nutrients (i.e. their constraint levels were just fulfilled) were the maximum level allowed for SFA and the minimum level imposed on 18:2n-6, 18:3n-3, magnesium and vitamin E. The changes required to achieve nutrient adequacy in the complete model are shown in Table 2 . As shown, 33% of the foods currently collected via the French FB network were excluded, including all sugars and highly sweetened foods (except dark chocolate), most added fats, fatty sauces, fatty meats, salty crackers, pâté, cheese spread and some refined cereals (Table 2 ). In contrast, approximately 40% of the FB foods were increased to the maximum level allowed, i.e. 200%, including frozen and tinned fish, most fruits and vegetables, powdered skimmed milk, tinned legumes and potatoes (Table 2 ). In addition, 35 of the 127 new foods selected were included in the optimised model solution, generally at their maximum allowable weight. The new foods included lean meats, frozen and smoked salmon, nuts, 15 kinds of fruits and vegetables, wholemeal bread, tinned dwarf kidney beans, 0% fat dairy products, rapeseed and mixed vegetable oils (Table 2 ).
Food contents of the actual and optimised donations
The relative edible weights of different food groups and subgroups (expressed as percentages) in the actual EU and EUFB donations and in the optimised complete model donation are shown in Fig. 1 and Table 3 . The EU donation was clearly unbalanced, because it had a low percentage weight of fruits and vegetables, nuts/dried fruits, fish, unrefined staples and vegetable oils, and generous amounts of refined cereals (39% of the total EU donation), dairy products (42% of the total EU donation; which were mainly milk and cheese) and other animal-source foods, such as butter and beef. Foods collected through the French FB channels, to produce the EUFB donation, increased the relative amounts of fruits and vegetables and decreased the relative amounts of dairy products (but increased cheese), refined cereals, total staples and total added fats. As shown in Table 1 , these changes improved the nutritional quality of the 2004 EUFB donation compared with the EU donation. Nevertheless, it still contained a relatively high percentage of foods that were high in sugar and/or salt (i.e. 7%), which were reduced in the optimised complete model donation (2% of total edible weight). In the optimised complete model, there was also a reduction in the relative weight of added fats (1% of total edible weight, half of which were vegetable fats) and dairy products (,5% were cheese), and an increase in the relative weights of fruits and vegetables (1% were nuts/ dried fruits), unrefined staples and fish (30% of the meat/ fish/eggs group was fish) compared with the EU and EUFB donations (see Fig. 1 and Table 3 ).
Discussion
The results from this study showed that the nutritional quality of French FB-delivered food aid, as shown in other countries [25] [26] [27] , did not achieve nutritional recommendations. In particular, its SFA content was high and its contents of dietary fibre, vitamins C and D, folate, magnesium, DHA and 18:3n-3 were low compared with French recommendations. Thus, the French FB collections did not sufficiently ameliorate the nutritional imbalances of the EU donation resulting from its negligible amounts or absence of fruits, vegetables, fish, vegetable fats and unrefined staples. Furthermore, our results mathematically confirmed that it was impossible, using only foods donated from the EU (EU model) and the FB collections (EUFB model), to design a nutritionally adequate food aid donation. Thus, to achieve the French Nutrition and Health National Programme goal -of decreasing micronutrient deficiencies among deprived populations in France via food aid programmes -will require marked changes in the French FB collections. Our complete model results showed that improving the nutritional quality of FB food aid in France will require increased FB collections of fruits, vegetables, fish and lean meats, and decreased FB collections of foods high in SFA, sugar or salt, as well as substitutions of whole-grain cereals and legumes for refined cereals, low-fat dairy products for cheese, and vegetable oils rich in n-3 fatty acids for added fats rich in n-6. As shown in our model, such changes will likely increase the weight and economic value per unit energy (e.g. 42% and 55%, respectively, in our complete model) of the FB collection, because diets of high nutritional quality often cost more and have a lower energy density than less healthy diets 28, 29 . Fruits, vegetables and fish are energy-dilute, nutrient-dense and expensive sources of energy; whereas foods rich in sugar, fat and/or salt are energy-dense, nutrient-poor and cheap sources of dietary energy 30 . Of note was the estimated economic value of the 2004 FB food aid donation, which was close to the average food expenditure of people whose incomes fall below the poverty line in France, i.e. 2.75h per 2000 kcal vs. 2.5h per day 31 ; and well below the minimal cost required to achieve a nutritionally adequate diet recently estimated using LP, i.e. 3.18 and 3.31h per day for French women and men, respectively 14 . Thus it was not surprising to find that the economic value of the complete model's optimised food donation was higher than the estimated value of the 2004 FB food aid donation (i.e. 4.75h/2000 kcal vs. 2.75h/2000 kcal) and close to the current mean national expenditure for food at home (i.e. 4.9h per day) 32 . The estimated economic value of food aid presented here is only informative, because food items distributed through FB channels cannot be sold. In addition, their packages are often damaged or incorrectly labelled and/ or they are close to their use-by date 26 . Moreover, FBs out of principle will not purchase the foods they distribute. Free donations of fresh products are generally easier to obtain than canned products, even though the latter are more desirable because they are easier to transport, stock and distribute. Thus, strategies to increase canned food donations are required, such as publicising lists of practical and healthy foods during supermarket 'donation day' events to encourage private donations of non-perishable foodstuffs, such as canned fish and vegetables and rapeseed oil (or any other new, non-perishable foodstuff identified via the complete model). Nevertheless, longterm improvements in the nutritional quality of French FB-delivered food aid will probably require political decisions/pressures and fiscal incentives to persuade the EU or the French producers, food industries and food distributors to modify their donations. However, as long as the French FB food aid recipients, i.e. the private food aid organisations, continue to face budget, space and equipment constraints, FB donations will likely remain 'unhealthy' because food 'choices' are largely limited by economic 17 and physical 33 constraints. Thus, a more efficient way to support low-income people than private food aid organisations is perhaps required, such as institutionally distributed economic supplements or food vouchers, designated for the purchase of high-quality nutrient-dense fresh foods such as fruits and vegetables. A recent study showed that low-income women participating in the WIC (Women, Infants, and Children) programme in Los Angeles use such targeted subsidies wisely 34 . There are notable similarities when comparing the composition of food aid and the diets of the poor in industrialised countries. For example, both are based on refined cereals, are low in fruits, vegetables and fish, and contain excessive amounts of foods rich in sugar and fats 35 . Likewise, the nutrients low in the 2004 EUFB donation, notably vitamin C and folate, are also low in the diets of the poor 2 . Such similarities are not surprising, because organisations delivering food aid experience the same economic and physical barriers as those they are trying to help. Both rely on food donations (this is particularly true for FBs, because they will only accept donations or exchanges that do not involve money). Both face constraints in the amount of food, especially perishable and frozen foods, which can be transported and stored. Furthermore, with food aid, a nutritionally balanced food basket is more difficult to provide than balanced meals, because traditional rules of meal composition dictate acceptable food group combinations in meals. Accordingly, as recently shown in France, the nutritional quality of donated meals is higher than that of donated food baskets 7 ; which is also perhaps exacerbated by the general lack of nutrition training among the paid or unpaid workers involved in organisations delivering food aid. Notwithstanding, the nutritional quality of donated food baskets can be improved using simple rules that are easy to understand and apply, which stipulate the relative weights of different food groups and subgroups in the total food basket. Although calculations are required to transform the donated food weights into their weights 'as eaten' (i.e. edible weights), the percentage edible weights (e.g. such as shown in Fig. 1 and Table 3 ) are more useful for designing or evaluating food baskets than the recommended food-based dietary guidelines, which are expressed as daily or weekly food group frequencies. Indeed, during their fourth national congress in October 2006, the French FB network decided to monitor and develop local, national and/or European strategies to improve the nutritional balance of FB-delivered food aid baskets, using an approach based on percentage edible food weights. The percentage weights they are currently recommending are shown in Fig. 2 . Such percentages are compatible with the French food-based dietary guidelines 36 and the present LP results. By giving priority to meat, fish, vegetables and fruit, they also take into account the high cost of these food groups.
Delivering high-quality, nutrient-dense food aid is generally not the main objective of charitable organisations. Instead, food aid is often viewed as a source of calories, a form of economic support or a source of other non-nutritional benefits 37 . This perception needs to change, because poor-quality food aid may increase the risk of cardiovascular disease and other nutrition-related diseases common in populations of low socio-economic status 38 . Indeed, the high prevalence of obesity among recipients of institutional food aid programmes in the USA was recently attributed to its poor nutritional quality 37, 39 . Clearly, there is an urgent need to improve the nutritional quality of food aid delivered in France to improve the diets of recipients, including recipients who are only partially dependent upon it, because their diets are virtually devoid of fruits, vegetables, unrefined cereals and fish 31 . Such improvements will potentially have a favourable impact on the health of food aid recipients, both directly by providing them healthier foods and indirectly by showing them how to put into practice the Added fats < 2.5% vegetable oils) Sugar/salt < 2.5% Meat/fish/eggs ≥ 12%
Fruit and
Dairy products = 25% (<10% should be cheese) (≥ 66% should be vegetables ≥ 33% (≥ 50% should be fruit) (≥ 25% should be fish) Staples < 25% (≥ 50% should be unrefined) Fig. 2 The recommended food basket (in percentages of total edible weight) widely promoted and understood nutrition messages, including those the food aid organisations themselves promote. However, acting through private food aid organisations alone will not be sufficient to prevent food insecurity because food-insecure people often do not visit these organisations -either out of a lack of awareness of their existence or to avoid the social stigma 40 . In fact, Canadian researchers have shown that charitable food assistance may alleviate, but not prevent, food insecurity owing to its donor-driven nature or because the food demand surpasses its supply 41 .
In conclusion, important changes are required in the types and amounts of FB-collected food aid to improve the nutritional quality of FB-delivered food aid in France. In particular, more fruits, vegetables, legumes and fish should be collected and less cheese, refined cereals and foods rich in fat, sugar and/or salt, to ensure that food aid fulfils the French recommendations for dietary fibre, ascorbic acid, vitamin D, folate, magnesium, DHA, 18:3n-3 and the percentage of energy from SFA. Multiple actions should be undertaken to achieve this. Notably, efforts should focus on developing strategies that will increase specific kinds of food donations and on nutrition education programmes run to help FB volunteers design balanced food baskets using relative food group weights. Finally, a national food aid programme providing targeted subsidies for fresh products may be necessary.
